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Objectives: Although autogenous vein is the conduit of choice for infrainguinal bypass grafting, some 20-30% of vein 
grafts fail during the first year postoperatively. Many of these failed veins are now known to have pre-existing pathological 
changes. Angioscopy enables intraoperative endoluminal visualisation of veins and can reveal anomalies, ome previously 
unsuspected, espite preoperative Duplex ultrasound mapping and normal external appearances. The aim of this study was 
to compare angioscopic findings with contemporary histological appearances and with subsequent graft outcome and 
ultimately, to identify those endoluminaI features which might be predictive for failure. 
Methods: Angioscopic vein inspection was carried out using Olympus 1.4 and 2.2mm angioscopes inpatients undergoing 
femoropopliteal/distal bypass. Severe disease in the veins of five patients led to preferential use of polytetrafluoroethylene 
(PTFE) for above-knee bypasses. The remaining 38 videotaped sequences were reviewed by two surgeons and scored using 
a scale of 0 to 3, based on frequency and distribution of angioscopically detected lesions. These included haemorrhagic mural 
plaques, flimsy intraluminal strands, webs~bands and mobile~adherent thrombus. Vein harvested at operation was assessed 
by a pathologist according to the level of pre-existing abnormality. 
Results: There were significant associations between angioscopy/histology scores and graft survival (Z 2 = 22.00; dr:3; p < 
0.001; X 2 = 22.43; dr:3; p < 0.001 respectively). There was a significant correlation between angioscopy and histology 
scores (R8 = 0.725; p < 0.001). 
Conclusions: Angioscopy allows immediate identification of the at risk, poor quality vein graft at the time of surgery, 
without he delays inherent with histological preparation and assessment. Recognition of abnormalities atangioscopy may 
ultimately improve graft outcome by prospectively eliminating use of poor vein. 
Introduction 
Much has been published on the relative merits of 
autogenous vein and prosthetic materials as conduits 
for vascular reconstruction. In the context of infra- 
inguinal revascularisation, the main body of evidence 
supports saphenous vein as the conduit of choice, 
even for above-knee grafting. ~-3 However, 20-30% of 
vein grafts fail during the first 12 months post- 
operatively. Inadequate patient selection, sub-optimal 
vein and technical errors underlie the majority of 
failures within the first month. 4Thereafter, neointimal 
hyperplasia is the principal risk, causing progressive 
stenoses. 5 The precise aetiology of intimal hyperplasia 
remains uncertain, but vein quality is emerging as a 
6-9 potent determinant of outcome and some pre- 
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existing intrinsic features may predispose the graft to 
further intimal hyperplasia. 
Whilst harvesting techniques 1° and the adaptive 
responses of veins to arterialisation are relevant to 
success, vein quality is such a vital commodity that the 
proposed graft should be assessed as completely as 
possible prior to completion of the bypass. Duplex 
scanning has superceded saphenous venography for 
pre-operative evaluation of vein and allows a predic- 
tion of size, compliance 9 and anatomy. 11'12 For the 
assessment of vein quality intraoperatively, comple- 
tion flow studies ~3 and completion arteriography 14 
have hitherto been the mainstays. With the advent of 
angioscopy, the lumen and endoluminal surface can 
be directly visualised in a search for unsuspected, pre- 
existing disease. 15 Angioscopy and Duplex scanning 
are therefore complementary in the overall assessment 
of quality. 
This prospective study was designed to compare 
angioscopic findings with histological appearances 
and graft outcome, with the ultimate aim of identify- 
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ing those endoluminal features which are predictive of 
graft failure. 
Patients and Methods 
Fifty-two patients (14 female, 38 male; median age: 70 
years [range : 39-93 years]; 30% diabetic) undergoing 
femoropopliteal or femorodistal bypass were recruited 
into a prospective study to evaluate the influence of 
vein quality on graft patency. Thirty bypasses (58.0%) 
were for critical ischaemia nd 19 (37.0%) for severe, 
limiting claudication (walking distance less than 100 
yards). Three patients (5.8%) underwent bypass and 
ligation of expanding popliteal aneurysms. 
Local Research Ethics Committee approval was 
obtained. Experience with angioscopy had been 
gained during the 12 months prior to commencement 
of this study. 16 This represented our all-important 
learning curve and for the present stud)~ sufficient 
experience had been gained to enable meaningful 
recognition and interpretation f abnormal endolumi- 
nal features at angioscopy. 
All patients underwent preoperative Duplex vein 
mapping in the Vascular Studies Unit using an 
Ultramark 9 HDI scanner (Advanced Technology 
Laboratories Ltd., Letchworth, U.K.). Intraoperativel~ 
the in situ technique of vein grafting was used for 
bypass. Nineteen bypasses were onto the above-knee 
popliteal artery and 33 were infrageniculate (20 
below-knee popliteal and 13 tibial). For angioscopy, 
Olympus@ 1.4mm and 2.2ram flexible scopes were 
used, in conjunction with a full Olympus@ angioscopy 
stack system, incorporating monitor, light source, 
camera and irrigation pump (Keymed Ltd., Essex, 
U.K.). Plain Hartmann's solution was used for angio- 
scopic irrigation in all cases. Twenty-one patients 
underwent angioscopic vein preparation, with lysis of 
valves under direct vision, using a modified Mill's 
valvulotome and identification of tributaries from 
within for their ligation through multiple stab inci- 
sions. Patients undergoing traditional vein prepara- 
tion underwent blind valvulotomy with' Hall's valvu- 
lotomes and ligation of tributaries via a full length 
incision. All patients underwent angioscopic comple- 
tion studies of the graft and its anastomoses, as well as 
haemodynamic flow measurements (Op Dop 130 - -  
Scimed, Bristol U.K.) and on-table arteriography. On- 
table arteriography was carried out using 15-20 ml of 
Ultravist 300 (Schering Health Care Ltd., West Sussex, 
U.K.), injected via the side-arm of the valved 6 or 8 Fr 
introduction catheters used for angioscopy and 
inserted into a proximal tributary left long for the 
completion studies. Whenever possible, saphenous 
vein was harvested for histological examination. In 
practise, a 2cm length of vein was harvested for 
histology and usuall)~ this was taken from the distal 
portion of the vein at the level of transection appro- 
priate to the operation and in excess of requirements 
for the bypass. 
Postoperatively, all patients entered a Duplex graft 
surveillance programme, involving scans and Doppler 
ankle pressures at 1 week, 6 weeks and 3, 6, 9 and 12 
months postoperatively. Duplex-detected stenoses 
were considered significant (50% or greater) if the 
ratio of the peak systolic velocity within 2cm of the 
stenosis and the peak systolic velocity within the 
narrowed segment was greater than 2.0.17'18 Patients 
were followed up for 12 months postoperatively. 
Definite end points within this period were graft 
occlusion, intervention for stenosis and death. 
Videotaped sequences of vein inspections during 
angioscopic graft preparation and angioscopic om- 
pletion studies were viewed independently by two 
surgeons (YGW and AHD), blinded to patient identify 
and graft outcome. Lesions observed included flat, 
haemorrhagic mural plaques, flimsy fibrinous trands, 
organised luminal webs/bands and either free-float- 
ing or adherent thrombi (Fig. 1). Veins were graded on 
a scale of 0 to 3 on the basis of lesions observed and 
their frequency and distribution (Table 1). The pres- 
ence of diffuse, persistent spasm converted the grade 
which would have been assigned on the basis of 
luminal morphology alone to the grade above. 
Vein sent fresh for light microscopy was perfusion 
fixed, serially sectioned and stained with haematox- 
ylin and eosin and van Gieson stains. Histological 
grading of pre-existing pathology was carried out by 
an experienced Consultant Histopathologist (ES), also 
blinded as to patient identity and outcome. Veins were 
again graded on a scale of 0 to 3 according to the 
criteria set out in Table 2. The presence of muscle 
hypertrophy caused the grade which would have been 
assigned on the basis of pre-existing intimal hyper- 
plasia alone to be converted to the grade above. The 
current system is a modification of that previously 
devised by Milroy et al. 19 
Data analysis 
Associations between outcome and angioscopy/his- 
tology scores were analysed using the chi-square test. 
The correlation between angioscopy and histology 
scores in those patients who had both parameters 
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Fig. 1. 
Fig. 2. 
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Table 1. Criteria for angioscopic grading system 
Grade Definition* 
0 Normal vein with clean endoluminal surface, absence of
luminal lesions / debris. 
Readily distensible v in wall with angifiscopic irrigation. 
Isolated focal esions i.e. haemorrhagic plaques/fibrinous 
strands/webs/thrombus. 
Or 
Grade 0 + diffuse spasm. 
Multiple focal esions. 
Or 
Grade I + diffuse spasm. 
Diffuse lesions extending throughout the vein segment. 
Or 
Grade 2 + diffuse spasm. 
*See also Fig. 1. 
Table 2. Criteria for histological grading system 
Grade Definition* 
0 Normal vein with no pre-existing fibro-elastic intimal 
hyperplasia (IH). 
No muscle hypertrophy. 
Mild focal pre-existing IH, up to 50% of the luminal 
surface. 
Or 
Grade 0 IH + muscle hypertrophy. 
Moderate diffuse pre-existing IH, greater than 50% of the 
luminal surface. 
Or 
Grade 1 IH + muscle hypertrophy. 
Extensive diffuse pre-existing IH, involving the entire 
luminal surface with musde hypertrophy. 
Or 
Grade 2 IH + muscle hypertrophy. 
*See also Fig. 2. 
available was analysed using the Spearman rank test. 
Sensitivities, specificities, positive predicitve values 
(PPV) and negative predicitive values (NPV) were 
calculated. Cumulative patency and life-table data 
were analysed according to the methods recom- 
Fig. 1. Representative s ries of angioscopic mages depicting a 
selection of venous anomalies (Olympus 1.4mm angioscope). Top 
row (left to right): (a) Flims~ fibrinous, intraluminal strand with 
tributary orifice at 3 o'clock; (b) Multiple, fibrous, intraluminal 
webs; (c) Complex and dense fibrous bands, virtually obscuring 
lumen and trapping thrombotic debris. Middle row (left o right): (a) 
Flat, mural, haemorrhagic 'plaque'. This may represent sub- 
endothelial haemorrhage from handling during dissection before 
insertion of the angioscope. (b) Fine, thrombotic, intraluminal 
strand; (c) Multiple t fine, thrombotic, intraluminal strands. Bottom 
row (left o right): (a) Fragment of thrombus, precariously attached 
to the vein wall at one point and flapping in the stream of irrigation 
fluid; (b) Large piece of mobile thrombus, virtually occluding 
lumen; (c) Diffuse, intractable spasm despite distension with 
irrigation fluid. 
Fig. 2. Photographs illustrating the four histological grades (Elastic 
van Gieson stains; x 40). (a) Grade 1 (top left), (b) Grade 2 (top 
right), (c) Grade 3 (bottom left), (d) Grade 4 (bottom right). 
Reproduced here at 45%. 
mended by the Ad Hoc Committee on Reporting 
Standards. z°
Results 
Between February 1993 and June 1994, 52 patients 
were recruited to the study. This cohort included 
patients with videotaped sequences of angioscopy 
and/or  patients with adequate histological sections. 
Of these, 38 patients had suitable videotape footage of 
angioscopic inspection and/or  completion studies 
available for review. Forty-three patients had histo- 
logical sections of harvested vein which were graded. 
Twenty-nine patients had both angioscopy video 
material and histolob~. The median follow-up availa- 
ble for this series was 6 months (range: 2 weeks to 12 
months). 
A further 25 patients undergoing femoropopliteal/ 
femorodistal bypass during this time were excluded 
due to instrument and/or  operator non-availability 
with respect to angioscop~ particularly for urgent and 
emergency cases and insufficient vein for histology. 
An additional five patients undergoing above-knee 
popliteal bypasses had such severe and widespread, 
pre-existing, intraluminal pathology on angioscopic 
inspection that vein was abandoned in favour of 
PTFE. The disease was unsuspected after Duplex vein 
mapping and after external inspection during surgery. 
Fig. 3 shows an angioscopic view of dense, organised 
webs (representative of the disease observed), and Fig. 
4 represents the equivalent histological section. 
The angioscopic grade was agreed by both observ- 
ers in 93% of cases. There was disparity in three 
patients (by one grade in each case) and a final grade 
was agreed by consensus. Not all angioscopic abnor- 
malities featured in the scoring system. For example, 
seven patients each had a retained valve cusp after 
blind valvulotomy with the Hall's valvulotome. How- 
ever, the retained cusps were detected and lysed 
during completion angioscopy. It is interesting to note 
that complementary on-table arteriography failed to 
detect all these retained cusps. 
There may be concern that some of the observed 
findings are artefactual, that is, created by the passage 
of the angioscope itself. Whilst it has to be conceded 
that endoluminal manipulation and irrigation could 
damage the vein, the angioscopes used were smaller 
than the valvulotomes in current practice and most of 
the abnormal features observed were noted on the first 
passage of the angioscope. Deterioration in vein 
qualit~ by the criteria defined, did not occur by the 
end of the angioscopic instrumentation. 
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Fig. 3. Angioscopic image of fibrous webs. (The presence of this sort 
of lesion throughout the veins of five patients led to preferential use 
of PTFE). 
Fig. s. "Double lumen" phenomenon indicative of varicosity. (This 
appearance is often seen when approaching a discrete varicosity. 
The varicosity itself billows out between the two luminal edges 
under the pressure of the irrigatior~ fluid). 
Tables 3 and 4 show the associations between graft 
outcome and ang ioscopy/h is to logy  scores. There 
were significant correlations between outcome and 
angioscopy scores 0( 2 = 22.00; df:3; p < 0.001) and 
between outcome and histological scores 0( 2 = 22.42; 
df: 3; p < 0.001). Taking angioscopy scores of 2 and 3 
as representat ive of poor  qual ity vein, the respective 
sensitivities, specificities, PPV's  and NPV's  of angio- 
scopy in relation to graft outcome were: 93%, 73%, 
70% and 94%. The equivalent values for histology 
scores with respect o outcome were : 100%, 68%, 69% 
Fig. 4. Histological section f intrahiminal webs, associated with 
valve remnants. (Elastic van Gieson stain; × 40). Reproduced here 
at 80%. 
Table 3. The association between angioscopy grade and graft 
outcome. (X 2 test compares 'failed' grafts (stenoses and occlusions) 
with normal grafts) 
0 1 2 3 
Occlusion <30 days 0 0 3 8 
Stenosis/occlusion >30 days 0 1 3 1 
Patent graft 7 9 6 0 
X 2 = 22.00; df : 3; p < 0.001. 
Table 4. The association between histology grade and graft 
outcome. (X 2 test compares 'failed' grafts (stenoses and occlusions) 
with normal grafts) 
0 1 2 3 
Occlusion <30 days 0 0 4 5 
Stenosis/occlusion >30 days 0 0 " 6 3 
Patent graft 4 13 7 1 
X 2 = 22.42; df : 3; p < 0.001. 
and 100%. There was a significant correlation between 
angioscopy and histology grades for the 29 patients 
with both parameters available (Spearman's rank 
correlation coefficient R8 = 0.725; p < 0.001). 
In this cohort of 52 patients, the cumulat ive pr imary  
and secondary patencies at 12 months  were 57% and 
80% respectively (log rank test : p < 0.05). This 
compares favourably with previously publ ished 
patency data f rom this Unit for an earlier series of 
peripheral  graft patients. 18 The 30 day failure rate in 
this cohort was 19.2% as against 12.0% for the earlier 
series. 21 
Discussion 
These results demonstrate that angioscopy is a useful 
technique for intraoperative qual ity control in the 
selection of vein prior to bypass. There is a need for a 
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complementary modality to supplement existing 
screening methods. Angioscopy fulfils this role and 
despite being invasive, there is no evidence from the 
published series that it adversely influences graft 
patency. ~2"~3 This is the first prospective study to 
compare angioscopic assessment of saphenous vein 
quality with graft outcome. 
The concept of vein quality was first advocated by 
Logerfo et al. 6 and Szilagyi et al. 7 as a highly significant 
determinant of graft patency. However, vein quality 
came to be regarded by some as synonymous with 
size. There are many opinions about the optimum 
graft diameter for vein bypass. 24 Moreover, size is just 
one facet of the morphology and function of vein and 
with respect to the long saphenous vein, a spectrum of 
anatomical variation and pathological change has 
been described. ~5'25'26 Recently, these intrinsic changes 
have been linked to graft patency. 8'27'28 The apprecia- 
tion of pre-existing pathological changes justifies 
efforts for detailed assessment of the conduit prior to 
bypass. 
Preoperative, non-invasive, Duplex scanning is well 
established for mapping the course of the saphenous 
vein and gives an estimate of internal diameter, whilst 
detecting varicosities and sites of major tributaries. 11"12 
However, the outer extent of the vein wall merges 
ultrasonically with interstitial tissue, making it diffi- 
cult to measure wall thickness accurately. Moreover, 
Duplex failed to detect he intraluminal defects later 
identified at angioscopy, including ross disease in the 
five patients whose vein was rejected because the 
grafts would have failed. Panetta et aI. also showed 
that Duplex is not infallible; preoperative scanning 
failed to detect 38% of abnormal veins in their 
series. 8
Visual inspection, palpation and arteriography ave 
all been used for the intraoperative evaluation of the 
conduit. 8 Measurement and observation of arterial 
flow in the open graft, before completion of the distal 
anastomosis, may also provide clinically reassuring 
evidence of the functional adequacy of the conduit. ~1 
However, these methods are limited for the detection 
of subtle intraluminal changes which might otherwise 
go undetected. The diagnostic ability of angioscopy 
during inspection of grafts, anastomoses and native 
arteries is well established 29'3° and its superiority over 
arteriography has been confirmed in two recent 
prospective trials. 3L32 Neville et al. evaluated 
angioscopy against arteriography and intravascular 
ultrasound for the management of intimal flaps in a 
canine model. ~3 Both endovascular techniques proved 
superior to arteriography for diagnosis of intimal 
defects and were accurate in assessing compromised 
luminal diameter. Miller et al. were the first to describe 
the presence of intraluminal webs/bands, thought o 
represent sites of incomplete recanalisation, following 
thrombophlebitis. 34 In a subsequent stud~ the same 
group reported on the high incidence of intraluminal 
disease in arm veins and found that angioscopy was 
not only a sensitive technique for detecting disease, 
but by monitoring endoluminal and surgical inter- 
ventions to upgrade the quality of the vein, it also 
contributed to improved early graft patency. 35 
The prospective application of angioscopy for detec- 
tion of occult disease and for selection of the optimum 
conduit for bypass is not new. is Potentially, patency 
rates could be enhanced by discarding poor quality 
vein or allowing upgrade of mediocre vein. Sales et al. 
carried out angioscopic examination of saphenous 
vein remnants following bypass surgery and by 
comparison with histological features, found that 27% 
of veins were abnormal by angioscopic criteria. 15 The 
same group described angioscopic appearances attrib- 
utable to vein wall calcification, but admitted a 
difficulty with detection of varicosities and thick- 
walled veins. In the authors' experience, calcification 
has not been an obvious feature, although varicosities 
can be recognised by the "double lumen" phenome- 
non (Fig. 5) and a subjective impression of wall 
thickness/compliance can be gained by observing 
distensibility with irrigation at different flow rates. 
Angioscopy has been slow to gain recognition 36and 
has been treated with some scepticism. Angioscopic 
assessment is qualitative and interpretation is sub- 
jective, but, this new application attempts to provide a 
semi-quantitative dimension and may help the tech- 
nology to realise its full potential and achieve more 
widespread acceptance. This study has demonstrated 
that poor quality vein can be identified by the 
angioscope and has confirmed the poor outcome 
associated with such veins. On this basis, angioscopy 
has a role in quality control for assessing the potential 
vein conduit prior to its use in either lower limb 
revascularisation r coronary artery surgery. Further 
prospective studies are needed to clarify whether 
using angioscopy for vein selection does result in 
improved graft patency rates. 
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